to a study of measles. A new and rapid method for the laboratory diagnosis of measles, using the fluorescent antibody technique applied to nasopharyngeal secretions is described. The reliability of the method was best shown by correlation with clinical diagnosis, which gave an overall agreement of 95°00 in 53 cases of typical clinical measles and 72 control children. Correlation with results of tissue culture and serology was also good, though these methods are in practice too infrequently successful to be used as the main standards of reliability. The antiserum used for immunoflorescence showed no cross-reactivity with other viruses. Viruses could be identified by the fluorescent antibody technique from 4 days before to 10 days after the onset of the rash in a high proportion of cases.
Although measles can usually be diagnosed from the clinical picture alone, under certain circumstances the aid of laboratory investigation is necessary. Clinical differentiation from other rashes may sometimes be difficult, and this has been especially so since the widespread introduction of measles vaccine, which may modify the clinical features of subsequent infection. Measles can also occur without a rash (Enders et al., 1959; Gardner, Elderkin, and Wall, 1964) . The coryzal pre-eruptive phase of measles resembles acute respiratory illnesses caused by other viruses, and differentiation at this stage is often important in the prevention of cross-infection. Clinical diagnosis is sometimes difficult to make with certainty in coloured children. In all these instances a laboratory diagnosis is required which is both accurate and rapid.
Present methods of definitive laboratory diagnosis are isolation of the virus and the demonstration of specific serological responses, neither of which can be considered rapid. Isolation of mealses virus Received 1 September 1975 is difficult (MacLeod, 1968) , owing to the limited sensitivity of tissue culture cells (Enders, 1962) and also to the short period of the illness during which virus can be isolated (Ruckle and Rogers, 1957; Gresser and Katz, 1960) . Though examination of paired sera has been the most reliable method of laboratory diagnosis, the difficulties of obtaining these, particularly from children, are well known.
In the past workers have claimed that exfoliated giant cells in nasopharyngeal secretions (NPS) are specific for measles infection (Tompkins and Macaulay, 1955;  Beale and Campbell, 1959 ; Mottet and Szanton, 1961) . This finding however has not been adequately confirmed by laboratory virus identification, nor is there sufficient evidence that similar giant cells are not found in other virus infections.
Immunofluorescence has previously been used to show the presence of measles antigen in cells from infected tissue culture (Cohen et al., 1955) . LlanesRodas and Liu (1966) detected measles antigen by fluorescence in epithelial cells in urine sediments from cases of active measles from at least 2 days before the rash appeared to a maximum of 6 days after. This however has not become an established method, in view of the technical difficulties in transporting and examining urine for virus identification, and the need for a standardized technique for the investigation of all respiratory illnesses.
The ability of the fluorescent antibody (FA) technique, applied to NPS, to provide a rapid and reliable laboratory diagnosis for a range of respiratory virus infections has been established over the past 6 years in the laboratory (Gardner and McQuillin, 1974) . The investigations reported in this paper were designed to extend the FA technique, using NPS, to measles virus infections, and in particular to provide a rapid and reliable method of diagnosis for those-patients in whom the clinical diagnosis was in doubt. Repeat specimens were collected from 9 patients between 2 and 11 days after the first. Venous blood was also taken from 69 of the children on admission, and 49 of these had second specimens taken.
Measles virus antisera. Antiserum to measles was made by inoculation of rabbits with the Edmonston strain of virus grown to high titre in LLC-MK2 cells. Methods for the preparation, absorption, and specificity testing of antisera for immunofluorescent diagnosis have been fully described elsewhere (Gardner and McQuillin, 1974) (Bradstreet and Taylor, 1962 ) using a standard measles antigen supplied by the Central Public Health Laboratory, Colindale.
Haemagglutination inhibition tests. The Edmonston strain of measles virus was grown in LLC-MK2 cells. The haemagglutimin was titrated at 370C in WHO trays, one unit calculated, and four units used in the test (Enders-Ruckle, 1965 the fluorescence may be intracytoplasmic or intranuclear, sometimes with well-defined particles ( Fig. 3 ) and sometimes diffuse (Fig. 4) . The one negative NPS from a child with a positive serological diagnosis, was collected late in the illness -6 days after onset of rash. The child whose NPS was positive without serological confirmation showed high but only twofold rising antibody titres to measles antigen, presumably because there was only a 6-day interval between the two blood specimens.
Demonstration of virus in relation to onset of rash. The results of the FA technique and isolation attempts on all specimens from the 53 patients with definite clinical measles are listed in Table IV , in relation to the time of appearance of the rash. Specimens were collected between 2 days before and 2 days after onset of rash from 12 of the 14 patients from whom measles virus was successfully grown. Only two further isolations were made from the specimens collected up to 5 days after the appearance of the rash and none thereafter. The FA technique, on the other hand, enabled the demonstration of measles antigen in aU but 2 of the 51 NPS collected from 4 days before to 4 days after the rash appeared. From the onset of rash to the tenth day after, 84% of the 61 specimens were positive for measles antigen by FA technique, in contrast to an isolation rate of only 15%.
Serial specimens of NPS, taken at varying time intervals from 9 patients, were examined by immunofluorescence and isolation techniques for the presence of measles virus. The results were recorded in Table V . Virus was detected over a period of 8 days in 3 children (Cases 3, 26, 55) . Secretions from 5 children in whom measles virus antigen was detected by FA technique in secretions collected early in the illness became negative between 6 and 8 days after the appearance of the rash (Cases 1, 16, 38, 46, 55) . Presence of giant cells in relation to onset of rash. A total of 57 specimens of NPS in which measles antigen was detected by FA technique was examined for the presence of giant cells containing fluorescent antigen (Fig. 4) . Varying numbers of giant cells were found in specimens collected between 3 days before and 7 days after the appearance of the rash (Fig. 5) . A large proportion (27/32) of the specimens collected from 2 days before to 2 days after onset of the rash contained giant cells, whereas only 10 out of 25 of those collected at other times contained such cells. (Fig. 6 ). For both CF and HI antibodies there is a statistically significant relationship between the titre and the time of appearance of the rash from 5 days before to 10 days after. Beyond 10 days this relation no longer exists, and a mean titre can be calculated. Discussion Over the past 6 years the FA technique has been successfully used in this laboratory as a method for the rapid diagnosis of infection with RS virus, parainfluenza virus types 1, 2, and 3, influenza A and B, and adenovirus (Gardner and McQuillin, 1974) . In infections with these respiratory viruses the positive fluorescence observed in cells of NPS can be confirmed by isolation of the virus, and the group.bmj.com on June 22, 2017 -Published by http://adc.bmj.com/ Downloaded from specificity of the technique has been proved beyond doubt.
Application of the technique to the rapid diagnosis of measles has presented a new problem because of the difficulties in isolating virus. The results of this survey for isolation of measles virus from the nasopharynx were similar to those in previous studies (Enders, 1962; Ruckle and Rogers, 1957) . Virus isolation from respiratory tract specimens, even using the specialized techniques described, was successful in only a small proportion of our children with definite clinical measles (13 out of 53). This low isolation rate was due mainly to the fastidious nature of measles virus in tissue culture.
Furthermore, the majority of children with measles do not present until after onset of the rash, but the optimum time for isolation of virus is during the pre-eruptive phase of the illness (Table IV) (Gardner et al., 1973) . The ability of the technique to rapidly and accurately differentiate the preeruptive stage of measles from other respiratory virus infections has already proved helpful in the control of measles cross-infection in paediatric wards. Diagnosis by FA technique on NPS can be made within 3 hours after collection of specimens, so that measles infections can be confirmed on the day the child is admitted to hospital.
The pathogenesis of measles has been related to the immune response of the host (British Medical Journal, 1973) , and the duration of excretion of giant cells exfoliated from the respiratory tract is probably also related to these responses (Scheifele and Forbes, 1972) . The period of from 5 days before to 8 days after the appearance of the rash, during which shedding of giant cells has been shown to occur in uncomplicated measles (Tompkins and Macaulay, 1955; Scheifele and Forbes, 1972) , coincides with that during which we have detected measles antigen in NPS by immunofluorescence. Our demonstration of measles antigen in giant cells (Fig. 4) supports the presence of such cells on histological examination as indicating concurrent measles infection. However, the information available about histological findings in other kinds of respiratory tract infection is inadequate, and it may well be that immunofluorescence is a more specific method of detecting continuing virus secretion and assessing immune response than simple histological examination for giant cells. We plan to undertake parallel histological and immunofluorescent studies of specimens from children both with measles and with other respiratory infections to establlsh this point. The FA technique may then prove an important tool in the investigation of the pathogenesis of severe measles, and its relation to nutritional status. Furthermore, severe measles is predominantly a disease of darkskinned children, in whom, whether in this country or abroad, the diagnosis more often requires a reliable method of laboratory confirmation than in white-skinned children.
